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Abstract: 
 
The Stevens Creek watershed borders the eastern side of the city of Lincoln, Nebraska. The study site 
for this investigation is located near the intersection of the Murdock recreation trail bridge and the Stevens 
Creek waterway. This research examined the causes and effects of streambank erosion within approximately 75 
meters upstream and downstream of the Murdock Trail bridge-Stevens Creek intersection.  The investigation 
utilized extensive photographic evidence, field observations, and some water and soil sampling to qualitatively 
determine that the extent of streambank erosion within the given study site is occurring at an accelerated rate, 
likely as a result of increased commercial and residential development in areas adjacent upstream from the 
study site. The importance of conducting this case study was to determine how detrimental sediment and 
pollutant load can be on the overall ecological health and characteristics of Stevens Creek.  Furthermore, this 
inquiry about causes and effects of streambank erosion along Stevens Creek will likely shed light on new and 
already existing best management practices (BMPs) that will aim to reduce erosion and thus improving the 
vivacity and health of Stevens Creek, as well as effluent streams into which Stevens Creek drains. 
 
Introduction:  
 
Global soil loss due to erosion is on the order of 75 billion metric tons annually; equivalent in weight to 
226,000 Empire State Buildings and most is the result of improper agricultural practices (Pimental et al, 1995). 
Soil that is washed away into streams and rivers is known as sediment.  Sediment can be defined as both 
organic and inorganic, and in general, sediment contains biotic (e.g. microorganisms, insects) compounds and 
abiotic compounds (e.g. pesticides, heavy metals).  Sediment load in streams and waterways is measured by a 
turbidity index.  Turbidity refers to the cloudiness or transparency of a fluid such as water or air as a result of 
total suspended solids (TSS). In most healthy aquatic ecosystems, turbidity is generally minimal to moderate in 
nephelometric units (NMUs), the quantitative units used to express turbidity.  As turbidity levels increase, TSS 
become more apparent and can begin to have detrimental effects on the vigor of an ecological system.  This is 
because suspended solids, also known as particulate matter, act as primary binding sites for larger compounds 
such as organochlorides and polycyclic aromatic hydrocarbons (e.g. pesticides) and heavy metals such as 
mercury and cadmium.  Aesthetically, a stream or water body with high turbidity tends to look unpleasant and 
can have dismal recreational utility.  Finally, drinking water sources with high turbidity require a more intense 
process of disinfection to make the water safe for consumption (“Turbidity,” 2008). 
 Sediment load as result of soil loss and erosion are caused by a number of forces at work; some of which 
are natural and others are caused by human-induced alterations to the landscape. These human-based causes are 
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referred to as anthropogenic modifications and can include building of dams and roads, mining operations, 
deforestation, and other impervious surface development.  
Natural erosion of soil is categorized into 3 general classes: sheet, rill, and gully (Gregg 2012). Sheet 
erosion is generally the least damaging type and consists of loose soil particles flowing in thin sheets, usually as 
a direct result of precipitation and wind.  Although sheet erosion is easily managed through various methods of 
erosion control (e.g. silt fences, terraces, vegetation), if left unchecked, sheet erosion can quickly lead to the 
genesis of rill and gully erosion.  Rill erosion ensues when small trench-like pathways form as a consequence of 
surface water run-off flowing from an upland area to a lower lying area.  Rill erosion can commonly occur at 
places such as construction sites where mounds of soil have been displaced by mechanized equipment and the 
rills appear as small vein-like indentations in the soil mound.  On a macro-geomorphic scale (i.e. not including 
construction sites or isolated piles of soil), rill erosion can manifest itself into gully erosion.  Gully erosion has 
the greatest capability to displace soil and sediment particles due to its natural capacity to channel surface and 
subsurface water flows.  Once gully erosion takes place within a geological system, it can quickly become 
apparent that deep channels have formed and are the main avenues in which water will flow, therefore 
exacerbating the problem of soil loss and sediment pollution into adjacent streams.  Gully erosion is the most 
detrimental form of soil erosion and is the most difficult type of soil erosion to control.  However, with long-
term commitment, funding, and proper implementation of resources, gully erosion can be kept under control to 
a certain degree. Unfortunately, measures to control gully erosion cannot keep up with either natural processes 
such as freeze-thaw cycles and subsurface water flow or man-made alterations to the landscape such as the 
development of impervious surfaces and deforestation. 
This study will assess the process of streambank erosion and mass-wasting and the associated effects of 
sedimentation in Stevens Creek, which drains 47.8 square miles or 76.9 square kilometers in east-northeast 
Lancaster County near Lincoln, Nebraska (Figure 1). The city of Lincoln continues to see population growth 
and urbanization. As a result, land use changes may play a fundamental role in the amount of surface water 
runoff that enters the Stevens Creek watershed and inevitably be a contributing factor in streambank erosion and 
mass-wasting along the creek.  
Mass-wasting is defined as a process of erosion that can occur in two main ways: rapid, thin downward 
movement of geologic debris such as rock and mud that generally occurs one time in a given vicinity (e.g 
Figure 9) and unhurried, cavernous “slump/earthflow (e.g. Figure 10) erosional processes that move 
intermittently over varying time scales in response to infrequent events and/or disturbance factors” (WARSSS 
2008).  
 
 
 Figure 1- Location of Stevens Creek Watershed, Lancaster County Nebraska
(Courtesy: Sammi Bray, UNL, 2010) 
 Study Location:  
According to the United States Geological Survey hydrologic unit code 10200203, there is an actively operating 
stream monitoring unit that has been in place since 1969.  This unit is located at the Havelock Avenue Bridge 
and Stevens Creek intersection, a junction which is
of the Murdock Trail bridge-Stevens Creek s
40.25 degrees north Latitude, 96.58 degrees west longitude and it is situated at an elevation of 1,123 feet or 342 
meters. The individual unit number is 06803520 and it will provide use
stream discharge, stage, peak streamflow, gage height, and particular water quality characteristics (“USGS 
06803520 Stevens Creek near Lincoln, Nebr.” 2011). 
 
 
 
 
 
 
 
 
 
 approximately 3/8 miles or 0.6 kilometers north
tudy site (Figure 2). The exact location of this monitoring station is 
ful historical time
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-northwest 
-series data such as 
 Figure 2-Location of USGS Unit 06803520, Lincoln N
 
 
From an environmental and urban planning standpoint, this study 
and potential solutions to mass-wasting and streambank erosion not only within the Stevens Creek watershed, 
but also other watersheds and drainage basins located in close proximity to urban areas.  The subsequent 
findings and information offered by this research study will breed a construct of knowledge that can be applied 
toward implementing best management practices to
 
Literature Review: 
 
As human population growth has placed unprecedented strain on water resource supply and quality, 
there has been an impetus for extensive studies aimed at analyzing, remediatin
associated with aquatic ecosystem health and sediment
 
The Importance of Controlling Sediment:
 
The fundamental means of protecting water quality is to shape the landscape in such a manner to reduce 
excess runoff (UNL Water, 2009).  This principle applies to sediment pollution but also nutrient pollution. 
Elements such as phosphorus and nitrogen are two essential plant nutrients, but when excess amounts of these 
nutrients enter bodies of water algal blooms
E  
is relevant in addressing the causes 
 mitigate the effects of sediment pollution (Norris, 2011).
g, and solving problems 
-laden streams.   
 
 may result. These blooms reduce available dissolved oxygen levels 
Study Site 
USGS Unit 
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for aquatic vertebrates (UNL Water, 2009). There are other peer-reviewed journals that focus strictly on the 
effects of sediment particle size and its relationship to turbidity such as Lewis 2010.  Measuring sediment load 
is largely conducted using automated sampling machines placed strategically along a given body of water. 
Particle size has a strong influence on overall turbidity and particle size is largely governed by the sediment 
source (Lewis, 2010).   
Changes in streambank morphology occur as a result of natural and continuous processes. However 
under certain circumstances, namely land use change, streambank stability can be greatly compromised when 
there is a lack of vegetation along and adjacent to a stream (NCSU Stream Notes 2007). One of the serious 
consequences of vegetation deprived streambanks is their inability to shield streambank soils from erosion.  
Vegetation itself provides habitat to the biotic community, but it is root belonging to the plant that provides it 
the capacity hold streambank soil particles together.  Stream Notes (2007) points out that terrestrial and aquatic 
vegetation act as natural buffers and safeguards against accelerated erosion. Such safety nets are commonly 
referred to as riparian zones. The importance of riparian buffer zones can be highlighted by work done at North 
Carolina State University which indicates that streambank erosion rates in some North Carolinian waterways 
varied from just a few millimeters “in a naturally stable stream” to more than 5 meters of vertically unstable soil 
with little or no vegetation present (NCSU Stream Notes, 2007).  The Department also reiterates an often 
overlooked consequence of streambank erosion by noting that as more soil is eroded and streams become more 
burdened with substantial TSS, productive upland soils become depleted of nutrients and result in meager 
habitat and agricultural conditions.  In such instances, a riparian buffer zone would not only reduce surface flow 
of water entering both stable and unstable North Carolinian waterways, but a riparian zone would also help 
reduce wind and water soil erosion at its source such as a field used for tobacco cultivation, thereby allowing 
the soil to retain nutrients and providing habitat. (NCSU Stream Notes, 2007). 
 
The Process of Mass-Wasting and Erosion 
 
Mass-wasting is a volatile type of erosion in which a slope or large quantity of soil and rock aggregates 
fall downward by the force gravity. The role of gravity in mass-wasting is undeniably enhanced simply by the 
presence of water between macro-pores and micro-pores in the process of soil erosion (Nelson, 2003). Mass-
wasting occurs in two general forms; fast and robust movement of soil and other geologic material and slow, 
movement of soil and geologic material.  The latter form is best defined as slumpage.  Both types of mass-
wasting can have detrimental effects on the vitality of streams and water bodies. Mass-wasted streambanks tend 
to cause an uptick in large soil congregates and particulate matter in said stream. This can rapidly contribute to 
an increase in turbidity when compared to slow mass-wasting erosion events such as streambank slumpage.  
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Nelson (2003) also points out that mass-wasting has a profound effect on the shape, depth, and width of the 
stream channel itself  
In a study examining streambank collapse processes in a valley gully bottom in western Iowa conducted 
by Thomas et al. (2008), it is concluded that mass-wasting in deep valleys is the single most prominent cause of 
gully-bottom widening Additionally, Thomas et al., calculated that mass-wasting accounted for 70 percent of 
the expansion of said gully in western Iowa Thomas et al., determined that improved agricultural conservation 
practices such as terracing fields and no-till or minimal till farming reduced surface flow of water, yet resulted 
in increased subsurface flow which contributed to the destabilization of streambanks in deep valley bottoms 
located below the water table (2008). 
The ‘Soil Erosion Site’ is a compilation of research and publications that also offers a rather grim 
assessment on the issue of global soil erosion (Favis-Mortlock, 2005).  While it concedes that specific data are 
difficult to obtain, the site indicates that global soil loss due to water action is on the order of 11 million square 
kilometers or 2.7 billion acres, an area slightly larger than the entire continent of Europe. This source also sheds 
light on the spatial aspect of soil erosion noting that soil erosion occurs on-site and off-site and that both are 
connected.  An example of on-site soil erosion could be a farm field with a visible rills and gullies running 
parallel to the slope of the land.  Off-site erosion can best be explained as a point or location in which eroded 
soils are deposited permanently or deposited and then re-eroded to another locale. Over time, on-site erosion 
can very easily lead to off-site erosion as the sediment moves downward into waterways that eventually lead to 
sedimentation of lakes, rivers, and reservoirs.  This process is distinct from mass-wasting in that mass-wasting 
processes occur over a relatively short time scale (e.g. several seconds to several days) whereas soil loss by 
erosion processes generally occurs over the course of months, years, and even decades. However, both types of 
erosion can and typically do lead to detrimental effects on stream ecology including dam siltation, oxygen 
deprivation, chemical imbalances in the water, and property damage due to “[…] flooding” since the water 
holding capacity of eroded soils is compromised (Favis-Mortlock, 2005). 
 
Best Management Practices: 
 
Support for creating and implementing best management practices (BMP’s) is clearly evident amongst 
the scientific community as well as public officials concerned with beautification of urban and suburban 
waterways.  There is a wealth of established knowledge regarding the viable methods of controlling streambank 
erosion and protecting stream ecology such as those offered by the Missouri Department of Natural Resources 
(2013), and Smoot and Smith (1999).  One such restoration practice calls for the installation of vane arms.  
Vane arms are a means of forcibly channeling water away from a streambank that is susceptible to erosion 
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and/or mass-wasting (Coughlin, 2008). Vane arms are diverse in both size and the material used to construct 
them.  The vane arms can be made natural materials such as rock, gravel, or wooden logs; as well as synthetic 
materials like metal alloys or pre-cut railroad ties.  Vane arms are constructed in a ‘V’-shape with the narrow-
end facing upstream and the open-end facing downstream.  Ideally, vane arms should be as small as possible as 
to not choke off water flow altogether and they should be intermittently placed, yet large enough and frequent 
enough to effectively funnel water away from vulnerable streambanks.  While vane arms are highly effective in 
terms of protecting at-risk streambanks by angling water away from the streambank, there are several 
drawbacks to vane arm applications (Coughlin, 2008).  Vane arms can appear unsightly and un-natural if 
installed improperly or too frequently and vane arms almost always cause an area(s) of sediment deposition to 
form in the vicinity of the vane arm due to their ability to alter the speed and angle at which water flows.  Vane 
arms are a practical solution for stabilizing streambanks and are relatively inexpensive; however, they should be 
installed with discretion and should be monitored on a regular basis to ensure proper functioning (Coughlin, 
2008). 
Another, more common and visible erosion control method involves lining streambanks with large 
soccer ball to basketball sized boulders known as rip-rap.  Rip-rap is highly effective at protecting and 
stabilizing streambanks due to its ability to form a direct barrier between stream water and exposed streambank 
soils.  Rip-rap boulders sometimes are enclosed with thick metal cages to further prevent any long term 
deterioration of the rip-rap structure itself.  The biggest drawback to rip-rap as a means of streambank 
stabilization is that while rip-rap resolves the erosion ailment, it comes “…at the expense of the streams natural 
beauty” (NCSU Stream Notes, 2007).   Furthermore, the rip-rap manufacturing and installation processes are 
highly energy dependent as heavy machinery is used to mine, transport, and install rip-rap boulders. 
There are, of course, other means by which surface water runoff can be controlled in an urban setting.  
Wet detention ponds are human-made water holding zones that work by collecting stormwater runoff, 
snowmelt; and to a certain extent, sediment itself (Storm Water Technology Fact Sheet, 1999).  Detention ponds 
vary in depth, but are generally less than a square acre in size. They are strategically placed in areas where there 
is a relatively sharp elevation gradient in the slope of the land and where impervious surfaces such as asphalt 
are prevalent.  Detention ponds work by temporarily retaining water runoff then slowly releasing said water into 
small streams, canals, or even other detention ponds located at lower elevations.  The effect of slowing down 
surface runoff during and after precipitation events is beneficial to protecting downstream streambanks from a 
barrage of potentially fast-moving erosion-inducing water flow.  Detention ponds are often lined with large 
boulders along the periphery of the pond to prevent siltation of the pond itself.   
Generally, detention ponds are just a few meters deep, and for practical reasons are never dug deeper 
than the water table, and all detention ponds have at least one outlet to allow a specific release of surface runoff 
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water.  In addition to protecting streambanks from mass-wasting and erosion, detention ponds provide micro-
habitat for plants and animals.  Often times detention ponds will become heavily vegetated, especially during 
times of less-frequent runoff events; which in turn allow the detention pond to act as a natural chemical 
filtration system and thus retaining and preventing many contaminants from entering the water supply (“Storm 
Water Technology Fact Sheet,” 1999). 
In addition to artificial means of controlling streambank erosion and stabilization of streams, there are 
more natural and inexpensive methods. One such method is the use bioengineering of soil and plants.  The 
bioengineering practice involves “…the use of dormant cuttings of willows, shrub[s]…and other plants that root 
easily” (NCSU Stream Notes, 2007).  Such techniques can vary greatly in their complexity primarily when 
funding is a limiting factor, yet bioengineering soil structures along streambanks proves to be an aesthetically 
pleasing and effective way to control streambank erosion with little or no maintenance needed after initial 
applications. The use of rock walls and log stacks are effective at controlling mass-wasting and erosion, and are 
also relatively appealingly and require a low input of resources and energy.  Moreover, fallen trees and root 
bundles provide some of the best natural defenses to streambank erosion.  Terrestrial and aquatic plants also 
deflect and disperse the flow of water channels thereby protecting exposed surfaces and providing fish habitat 
(NCSU Stream Notes, 2007). 
 
Related Stevens Creek Erosion Study: 
 
In 2011, an observational study was conducted using a portable Garmin GPS unit to mark way-points 
along transects in 75 meter increments from the Murdock Trail bridge crossing to the Havelock Avenue bridge 
crossing along the west side of Stevens Creek.  At each way-point, the extent of streambank erosion was 
observed and ranked based on a scale from low to high.  Also, there were observations made about the amount 
and type of vegetation present, and soil texture at each of the 15 total way points.  This information is useful 
because it allows one to extrapolate trends regarding downstream erosion as a mechanism of vegetative action 
and soil texture.  The results from this study are listed in Table 1 (Norris, 2011). 
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Observed Erosion      
Level 
   
Date 
Waypoint 
# High Moderate Low Vegetation Type Soil Texture Coordinates 
4/13/2011 1 x     dead tree limbs fine 0703138, 4525100 
4/13/2011 2   x   tree roots 
medium fine to 
fine 0703106, 4525154 
4/13/2011 3     x tall grass, shrubs fine 0703070, 4525183 
4/13/2011 4     x tall grass, tree roots fine 0703037, 4525204 
4/13/2011 5   x   short grass, weeds fine/clayey 0703020, 4525245 
4/13/2011 6 x     dead tree limbs, small grasses coarse to fine 0703016, 4525280 
4/13/2011 7     x tall grass, shrubs, pebbles coarse to fine 0702968, 4525349 
4/13/2011 8 x     none fine to very fine 0702933, 4525345 
4/13/2011 9     x trees, tall grass, shrubs fine 0702880, 4525391 
4/13/2011 10     x thick trees, tall grass, shrubs fine 0702862, 4525412 
4/13/2011 11     x thick trees, tall grass, shrubs fine to very fine 0702843, 4525463 
4/13/2011 12   x   small trees, shrubs fine 0702851, 4525536 
4/13/2011 13   x   thick grass fine 0702877, 452586 
4/13/2011 14 x     
loose rock (substrate), short 
grass fine to very fine 0702703, 4525616 
4/13/2011 15     x large rock (rip rap)  fine 0702699,4525669  
Table 1-Vegetation and Soil Texture as an Indicator of 
Observed Streambank Erosion, 2011. 
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Materials and Methods: 
 
From August 2010 through February 2013, the Stevens Creek study site (Figure 3) at the Murdock Trail 
bridge-crossing was visited at least 8 times for the sole purpose of photographing streambanks and collecting 
data. The study site extends from approximately 75 meters south and 75 meters north of the Murdock Trail 
bridge-crossing.  Field notes and observations were recorded during each visit (Table 2).  Over the course of the 
project 125 photographs were taken using a Casio EXilim digital camera and a cellular phone camera as well.  
These photos were taken at specific intervals of time, namely late summer and early autumn in order to best 
capture any changes in stream channel width, streambank erosion, and associated variations in vegetation 
present. It is important to note that the photographs were taken from the same general location (i.e. study site), 
yet were taken at different angles and under varying lighting conditions to fully capture details of the stream and 
nearby terrain. From there, the photographs were organized into seven corresponding location indicator points 
represented by the letters “A,B,C,D,E,F,G” and with each letter consistent with a red or green arrow (Figure 3).  
Red arrows indicate a general area of erosion and green arrows indicate a general area of deposition (Figure 3). 
These location indicator points where photographically targeted because they had one or more of the following 
features: cavernous mass-wasting, slumpage mass-wasting, under-cutting, significant vegetation presence, and 
adjacent stream obstructions.   The photographs were then put into chronological order by location and 
compared one-by-one as a means to effectively document changes in streambank erosion and mass-wasting.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 Results and Discussion: 
Photographic analysis and observational inquiry:
The subsequent photos highlight the key factors dictating the causes and effects of streambank erosion 
and mass-wasting along the Stevens Creek study site (i.e. deposition areas and 
  Figure 3 – Below:  A site location map of the Stevens Creek study site, with erosional features indicated 
with red arrows and depositional features indicated with green arrows.
 
 
 
 
erosion areas).
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Table 2-Observation Data from Stevens Creek Study Site, August 2010 through February 2013. 
Date Turbidity Vegetation 
Rock 
Exposure 
High 
Temperature 
(Celsius) 
# Rain 
Events 
past 72 
Hours 
Amount of 
Precipitation 
past 72 hours 
(mm) 
Stream and Stream bank 
Remarks Soil Remarks 
H20 
Sample 
(Y/N) 
Soil 
Sample 
(Y/N) 
8/14/2010 High 
Bent over, 
intact, less 
after bridge 
Little before 
bridge,  
more after 
bridge 33.3 2 0.508 
large area of concave 
erosion past bridge, fallen 
tree 
Soil is moist, 
flaking, loose N N 
8/30/2011 High 
50% 
present 
Little before 
bridge,  
more after 
bridge 28.9 3 66.548 
visible rill and gully 
erosion forming 
Un-compacted, 
moist N N 
9/20/2011 Moderate 
<25% 
present 
Little to 
none before 
and after 
bridge 23.9 1 5.842 
steep channel erosion on 
west side, large fallen tree 
at northwest bank 
soil is bare, 
dark in color, 
compacted Y Y 
10/4/2011 Low 
<25% 
present, dry 
grasses, 
some tree 
roots 
Little to 
none, 
moderate 
amount on 
west side of 
stream bank 32.7 0 0 
shallow stream depth, low 
flow, terrace-like, stair-
step steep erosion on cut-
banks, slumping  at 
deposition areas 
flaky soil, dry, 
light in color, 
whitish-gray 
soil layer at 
deposition spot Y Y 
9/8/2012 
Low-
Moderate 
>75% esp. 
at water-
line, leafy 
grasses, 
wads root 
Lots of rock 
exposed 
flaky rocks, 
“Dakota 
Series” 30.5 1 Trace 
Shallow stream depth, low 
flow, stair-step shear 
erosion on cut-banks, 
slumpage on deposition 
zones 
Very flaky, very 
dry, light in 
color Y Y 
2/17/2013 Low 
~50% 
present, 
dry, 
dormant, 
roots, tree 
limbs 
Some flaky 
exposed rock 
on west side 
before 
bridge 15.6 2 
0.508 
 
erosion seems to have 
stabilized somewhat in 
NW and SE corners of AOI, 
new areas of erosion 
formed under bridge 
loose and flaky, 
semi-moist 
 N N 
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Figure 4: Point A Dataset 
Photo taken by Jared Norris 
Below: This picture captures a relatively high turbidity level in Stevens Creek after a series of precipitation 
events.  Point A is prone to mass-wasting primarily due to the stream channel shape at this locale.  Point A has 
natural cut bank characteristic, yet the study has revealed that point A is generally more stable than other cut-
bank locations such as points D and G due in large part to the abundance of vegetation and deeper water which 
tends to slow water flow at point A. 
 
 
  
Small area of 
mass-wasting 
with moderate 
to high presence 
of vegetation at 
point A 
Deep waters at point A 
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Figure 5: Point B Dataset 
Taken by Jared Norris 
Below: The streambank at point B has remained relatively stable throughout the entirety of this study.  Despite 
being relatively stable, point B has natural deposition characteristics accompanied by a rather steep grade in its 
streambank and therefore it is susceptible to mass-wasting especially in the form of slumpage.  Vegetation at 
point B is robust and provides some level of erosion protection, August 2011. 
 
 
Stair-step mass-
wasting in slumpage 
form 
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Figures 6 & 7: Point C Dataset 
Taken by Jared Norris 
Below left: Mass-wasting resulting from a steep gradient in elevation and sheering action of base stream flows 
located on west side of Stevens Creek, approximately 35 meters upstream from Murdock Trail bridge, February 
2013.  Below Right: Same location, west side of Stevens Creek, upstream from bridge 35 m. Of important note 
is the very loose soil <1 m above water line and no vegeation present, both photos at point ‘C,’ February 2013. 
   
 
  
Very loose, fine 
textured soil at 
point C. 
Minimal 
vegetation, 
very steep 
elevation 
gradient 
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Figure 8: Points C & F Dataset 
Taken by Jared Norris 
Below: New development of mass-wasting directly underneath Murdock Trail bridge on west side of Stevens 
Creek.  This newly formed area of mass-wasting is likely a result of large boulders in creek channel forcing 
stream flow waters into the streambank, located in the vicinity of point ‘C.’ The sloping streambank on the right 
corresponds to point ‘F,’and is quite stable due to relatively high vegetation presence and rocky out-cropping 
features, February 2013. 
 
 
New area of mass-wasting 
developed with minimal 
vegetation present at 
point C. 
Boulders forcing 
water into the west 
side of the 
streambank. 
General 
direction of 
water flow 
Point F 
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Figure 9: Point D Dataset 
Taken by Jared Norris 
 
Above: Mass-wasting present after a series of precipitation events on the east side of Stevens Creek upstream 
from Murdock Trail bridge point D.  It is noteworthy that the tree in the center of the photo has exposed roots 
and therefore is helping to stabilize point D from further mass-wasting and streambank soil erosion, August 
2011. 
 
 
 
 
 
 
 
 
 
 
 
Center of 
mass-
wasting, 
point of 
deepest 
concavity, at 
point ‘D’. 
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Figure 10: Point E Dataset 
Taken by Jared Norris  
Below: Mass-wasting visible in the form of a slumping streambank on the west side of Stevens Creek 
downstream from Murdock Trail Bridge at point E.  The shape of the stream channel at point E is relatively 
straight, therefore providing it inherent guard against violent forms of mass-wasting, August 2011. 
 
 
 
 
 
 
 
 
 
Streambank slumping with 
minimal vegetation present 
at point E 
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Figure 11: Point F Dataset 
Taken By Jared Norris 
Below: Point F lies on the east side of the Stevens Creek study area downstream from the Murdock Trail bridge 
crossing.  Point F has changed very little in terms of streambank erosion as it is easily one of the most stable 
streambanks included in the study area.  Point F’s high streambank stability is attributed to its four key 
characteristics: natural gentle slope of the terrain (i.e. consistent rise to run ratio), the stream channel is 
relatively straight along point F, relatively high presence of vegetation, and sporadic rock outcropping features 
which serve to protect streambanks in a fashion similar to vegetation. 
 
 
 
 
 
Rock outcroppings 
Gentle slope 
feature and high 
vegetation 
presence 
 Figure 12: Point G Dataset   
Taken by Jared Norris 
 
Results and Discussion continued: 
 Implications: 
Mass-wasting and streambank erosion are an ongoing occurrence at the Murdock Trail bridge and 
Stevens Creek intersection in northeast Lincoln, NE.  These geomorphic changes transpire more quickly during 
warm and wet months with abundant precipitation and surface water flow. During cold months, the streambank 
soils freeze and temporarily stabilize the streambanks.  Still, along with precipitation action, freeze
within the streambank soils contribute to ins
Moreover, soil texture, vegetation presence, steepness of streambank, and the overall shape of the
channel itself  has a profound influence on the locations and to the degree of eas
streambank erosion will materialize.  
With the addition of commercial and residential development in
decade, it is highly likely that mass-wasting and streambank erosion rates are accelera
suspended sediment load values are higher on average. 
the Antelope Valley Project was in response to urban development in areas adjacent to the headwaters of 
Right: Mass-wasting in 
the form of slow-
moving, slumping soil 
present on west side of 
Stevens Creek with 
rather dense vegetation 
present as well as fallen 
tree which will act to 
protect the streambank 
from further erosion, 
point G, September 
2012. 
Slumping with 
moderate vegetation 
present at point G
     
tability, and as a consequence natural streambank erosion results.  
e in which mass
 the Stevens Creek watershed in the past 
ting, and as a result total 
“Stormwater Improvements” (2008), has indicated that 
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-thaw cycles 
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-wasting and 
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Antelope Creek near 90th Street & Old Cheney Road to Holmes Lake in Lincoln, Nebraska.  As urban 
development in this area had increased in recent decades, higher surface flows resulting from impervious 
surfaces had become the impetus for the Antelope Valley Project. Findings published by Thomas et al. (2008), 
have related the link between surface flow and streambank erosion and mass-wasting; “Bank displacement 
typically began as [surface flows] increased in the [stream]banks and commonly had stopped once the peak 
[surface flows] had been attained” (2008).   Impervious surfaces and stormwater drainage add to stream 
discharge and gage height in Stevens Creek during precipitaiton and snowmelt events.  Photographs taken of the 
study site from August 2010 through February 2013 reveal that mass-wasting in the form of slumpage of soil is 
more prevalent at deposition points (i.e. outward bends in stream channel) and mass-wasting in the form of 
large, sheer cliff soil losses are more common along cut-bank areas (i.e. inward bends in stream channel) at the 
Stevens Creek study site 
Side-by-side photo comparisons: 
 The subsequent photos are used to compare changes in the streambank within points C, D, E, F, and G.  
It is important to note that all photo comparisons are done with photos that are at least 3 months apart in dates 
taken. 
Figures 13 & 14: Below left: Point C, September 2012. Below right: Point C, February 2013, shows significant 
changes and a new area of mass-wasting has developed likely due to the basketball sized boulders interferring 
with the flow of water (see Figure 8). 
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Figures 15 & 16: Below left: Point D, August 2010. Below right, Point D February 2013, shows little 
significant changes. The complex of living tree roots protruding from the area of mass-wasting have 
substantially aided in stabilizing this area of Point D. 
 
Figures 17 & 18: Below left: Point E, August 2011. Below right: Point E, February 2013, shows significant 
changes in the shape of the streambank.  Stair-step erosional processes have altered the streambank after more 
than two years of precipitation events and freeze-thaw cycling. Notice the lack of vegetation near the water line 
in Figure 17; this is a contributing factor in the appearance of Figure 18 as it is very steep. 
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Figures 19 & 20: Below left: Point F, August 2011. Below right: Point F, February 2013, shows no significant 
changes in the overall slope and shape of the streambank.  The only noticeable difference between these 
photographs is the turbidity of the water, stream depth, and vegetation consistency.  
 
Figures 21 & 22: Below left: Point G, August 2011.  Below right, Point G, February 2013, shows mixed 
changes in mass-wasting, erosion, and streambank stabilization.  The fallen tree seen in both photos has acted as 
a natural streambank barrier protecting the streambank soil from further erosion in the immediate vicinity of the 
said fallen tree, thus showing little significant changes.  It is noteworthy that relatively small and isolated 
changes in the streambank shape can be seen upstream from the fallen tree. 
 
 
Results and Discussion continued: 
As previously mentioned, there are number of factors that influence the extent to which the streambanks 
within the Stevens Creek study site erode including the presence of vegetation, the type and texture of soil 
comprising the streambank section, the dynamics of the stream water flow (e.g. gage height, debris, discharge), 
seasonal freeze-thaw cycles, and the overall shape of the stream channel.  Figure 12 illustrates the importance of 
 vegetation’s role in minimizing streambank erosion. Figure 6 and Figure 
soils place a typically stable streambank at risk for exacterbated erosion. 
flows can contribte to mass-wasting.  Figure 17 and Figure 18 represent how two years of freeze
can cause a somewhat stable streambank to exhibit signs of mass
stepping.  Figure 11 portrays the importance of the shape of the stream channel along a given streambank
relation to how susceptible that streambank is to erode or become mass
Land use changes: 
 Figure 23: Recent urban and commercial developme
Ave and 84th and Holdrege Street. Courtesy: ‘Google Maps, 2013.’
 
 
Figures 24, 25, & 26: shows significant 
residential, and roadway development, as well as an overall reduction in arable land, all in the vicinity of 84
Street between Havelock Ave and 84th and 
 
7 show how loose and fine textured 
Figure 9 depict
-wasting in the form of slumpage
-wasted. 
nt in northeast Lincoln between 
 
land use changes over the past decade with an emphasis of commercial, 
Holdrege Street. 
Commercial and residential 
development areas with 
impervious surfaces increasing 
surface runoff. 
25 
s how increased surface 
-thaw cycling 
 and stair-
 in 
84th and Havelock 
 
th
 
 
 of commercial and residential development in the encircled area.
commercial and residential development shown in Figure 25 by the outlines of roadways and buildings.
commercial and residential development in the encircled area.  (See also Figure 23).
  Figure 24: 2002, courtesy ‘Google Earth.’
 
 
 Figure 25: 2007, courtesy ‘Google Earth.’ 
 
 
 Figure 26: 2013, courtesy ‘Google Earth.’ 
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Results and Discussion continued: 
Land use changes and recommendations 
Land use changes in the upper reaches of the Stevens Creek watershed, including the land adjacent to the 
Stevens Creek study site have been significant since just after the turn of the 21st Century through today.  In 
general the main land use changes for the aforementioned area (i.e. approx. 80th and Havelock Ave. to 112th and 
Havelock Ave. and southward to approx. 80th and Holdrege St. to 112th and Holdrege St.) include commercial 
development, residential development, roadway infrastructure, and storm water sewage infrastructure. The 
influence of land use changes on surface runoff has been demonstrated by the recent Antelope Valley Project in 
Lincoln, Nebraska.  According to “Stormwater Improvements,” (2008) the Antelope Valley Project is an 
extensive flood control and community restoration plan that began in part  “[due to]…increased run-off caused 
by urban development in the lower reaches of the Antelope Creek basin between Holmes Lake Dam and…only 
a four-year or smaller storm is calculated by the engineers to fit into the conduit and any larger storm would 
exceed the conduit and cause the excess water to travel overland, flooding many East Downtown, University, 
Malone, Clinton and North Bottoms neighborhood streets and properties” (2008).  The Antelope Valley Project 
supports the inference that urban development is accompanied by impervious surfaces and therefore boosts 
surface runoff, and in turn surface runoff becomes a contributing factor behind streambank erosion and mass-
wasting. 
 The current trends in commercial and residential development and their associated infrastructures will 
likely continue into the foreseeable future.  As more impervious surfaces are added to the landscape in the 
discussed area of northeast Lincoln, special considerations must be integrated into the development process.  
The Antelope Valley Project, which focused on flood control, was established on the basis that urban 
development in the Antelope Creek watershed has led to increased surface flows and the need for BMPs 
became evident.  The dynamics that factored into the Antelope Valley Project, namely urban development, are 
similar to the development situation adjacent to the Stevens Creek study site.   It can, therefore be inferred that 
as more surface runoff makes its way to effluent streams and eventually Stevens Creek, therein lays the 
potential for exacerbated mass-wasting and streambank erosion along Stevens Creek.  Equally as important, 
impervious surfaces provide a virtually unhindered pathway for a plethora of pollutants to enter the Stevens 
Creek watershed; resulting in dramatic degradation of water quality in Stevens Creek.  These prospective 
problems demand a careful implementation of BMPs as urban development reaches new ground.   
  Figure 27 below shows projected la
need to implement BMPs in response to urban
Avenue and Havelock Avenue.  This icon represents the site for a potential industrial a
in the coming decades.  While the exact nature of this large potential employer complex is unspecified, it is 
critical to examine the lack of ‘green space’ and ‘environmental resources’ between the icon and Stevens Creek 
itself.  Without a tactical BMP such as a riparian buffer zone and/or detention pond(s)
complex and Stevens Creek, there is a high likelihood that both non
will enter the waterway via surface flow.  Acute r
in order to protect the Stevens Creek watershed in this area should this employer complex site come to fruition.
Figure 27: Projected Land Use: Northeast 
Results and Discussion continued: 
Limitations: 
The site of the Stevens Creek mass
convenience and ease of access in an otherwise relatively inaccessible area.  As recently as 2010, 
government entities (e.g. Parks and Recreation and Lower Platte South Natural Resources District) had installed 
make-shift stair-steps leading from the Murdock Trail Bridge to the streambanks of Stevens Creek in the 
immediate vicinity of the creek-bridge intersection, making entrance to the study site quite 
nd use for northeast Lincoln and provides a clear example for the 
 development.  Note the solid black circle between Fletcher 
nd/or business complex 
 between the 
-point source and point source pollutants 
esponsiveness and evaluation of BMPs should be paramount 
Lincoln Comprehensive 2040 Plan 
-wasting and streambank erosion study was chosen for its 
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Since Stevens Creek watershed encompasses nearly 76.9 square kilometers, it would have been 
sufficient to conduct identical photographic and qualitative analysis on any transect along Stevens Creek and 
extrapolating said analysis to make generalizations regarding mass-wasting and streambank erosion.  However, 
the vast majority of land directly adjacent to Stevens Creek is privately owned and therefore the possibility of 
trespassing, unintentional or otherwise, on the researchers’ part is conceivable.   
Another important limitation to this study is funding.  Initially this study was to focus strictly on the 
water quality parameters using equipment to quantitatively analyze values such as sediment load, dissolved 
oxygen, Nitrate and Phosphate levels, heavy metal counts, pollutant discharge, and the like. To gain funding for 
such water quality analyses would have required more time and special considerations; including access to 
professional laboratory equipment for instance.    
 
Summary and Conclusions: 
 Worldwide, soil erosion is an ongoing problem; with 75 billion metric tons of soil being defaced from 
the Earth annually.  This is equivalent in weight to 169 million fully-loaded Boeing 747 jumbo jets.  As human 
population growth places ever increasing demands on arable land for food production, each year nearly 12 
million hectares of arable land are being degraded or destroyed globally due to non-sustainable agricultural 
practices, almost all of which lead to accelerates soil erosion rates.  These rates are disproportionately higher in 
underdeveloped portions of South America, Africa, and Asia (Pimentel et. al, 1995).  The consequences of soil 
erosion range much further than worldwide food shortages.  Sediment-laden rivers and estuaries drain into 
oceans; potentially disrupting the lifecycles of phytoplankton and other autotrophs by reducing passive solar 
radiation.  Economically, soil erosion has tremendous monetary and social costs.  For instance, the cost 
associated with providing clean drinking water from sources that frequently experience high sediment load is 
going to be more expensive than from sources with normal sediment load TSS.  Furthermore, bodies of water 
plagued with high sediment load will be less aesthetically pleasing than their opposites; leaving a potential void 
in recreational interests at various spatial scales (Pimentel et. al, 1995). 
 The Stevens Creek mass-wasting and streambank erosion study site has shown intriguing 
metamorphosis since the inception of the study in August 2010.  The study was conducted in order to assess 
changes in streambank erosion and streambank stability along seven specific locations, which were chosen, 
based on the streambank characteristics at each location and spanned approximately 75 meters upstream and 75 
meters downstream from the Murdock Trail bridge crossing.  Photographs were intermittently taken of the 
seven streambank locations and subsequently qualitative analysis of the photos was used to determine the extent 
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of mass-wasting and/or streambank erosion.  The significance of this study is two-fold.  The first objective is 
identifying the factors that contribute to mass-wasting and streambank erosion.  The second objective is to 
examine several best management practices (BMPs) for mitigating mass-wasting and streambank erosion along 
Stevens Creek.   
It has been determined that, through photographic evidence and observational data, there are main 
factors affecting streambank erosion: shape of the stream channel (see Figure 11) , slope of the streambank (see 
Figure 18), vegetation presence (see Figure 12), surface flow (see Figure 9), and soil texture (see Figure7).  At 
the Stevens Creek study site, there were some locations that had prominent cut-bank features (i.e. A, D, E, G) 
and some location were predominately deposition points (i.e. B, C, F).  Cut-bank locations; that is, those in 
which the streambank has a general concave or inward shape, tended to experience more frequent and larger 
mass-wasting and streambank erosion events.  Deposition locations; that is, those in which the streambank has a 
general convex or outward shape, tended to experience fewer erosion events.   Cut-bank features and deposition 
areas are strictly a product of the natural shape of Stevens Creek stream channel. 
The slope of the streambank at any given location has a profound effect on the extent to which a 
streambank is susceptible to erode.  Steep sloping streambanks (e.g. Point D) are more apt to erode quickly and 
more violently than streambanks with a relative gentle slope (e.g. Point F).  The steepness factor of streambank 
erosion and mass-wasting dynamics is also a result of the natural shape of the stream channel; however it is also 
dependent on other factors like vegetation, surface flow, and soil texture.   
 Vegetation presence has a profound effect on mass-wasting and streambank erosion.  With a greater 
presence of vegetation, there stands a lesser chance of streambank erosion, all other factors being equal.  
Surface flow, that is the water and debris that the water in Stevens Creek carries, is a variable dependent on 
precipitation events, snowmelt, and upland surface flows from both porous and impervious surfaces.  In general, 
with higher surface flows in Stevens Creek, there is an inherent likelihood that mass-wasting and streambank 
erosion will occur at a speedier rate and with more severity. The forces of surface flows are one of two key 
forces capable of dislodging and eroding soil particles; the other being the force of gravity.   
Finally, as complex and diverse as soil types are, their corresponding textures are pivotal in dictating the 
ease to which they will erode.  Soils are divided into three textural classes: clay, silt, and sand.  Sandy soils, also 
known as coarse soils, allow water to percolate easier than a clayey; or fine soil.  Sand particles are more 
massive than clay and silt particles, meaning that gram for gram clayey and silty soils are more easily 
transported by the force of water.  All other factors being equal, this translates to sandy soils being less easily 
eroded than clayey soils. Pimentel et al, indicates that “soils with medium to fine texture, low organic matter 
content, and weak structural development have low infiltration rates and experience increased [erosion]” 
(1995). In the case of the Stevens Creek study site, predominate soil textures are fine.  This puts almost all 
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streambank segments along the Stevens Creek study site at a relative disadvantage in terms of their soils’ ability 
to naturally inhibit erosion. 
 It has been concluded that streambank erosion and mass-wasting events along the Stevens Creek study 
site are both natural and ever-changing processes.  However, anthropogenic activities such as commercial and 
residential development within the watershed, particularly in the area of 84th and Havelock Avenue to 84th and 
Holdrege Street have placed the streambanks of the Stevens Creek study site under duress.  Urban development 
has countless social and economic benefits.  However, environmentally responsible management practices must 
be integrated into the development process.  In-situ measures such as silt fences, detention ponds, and 
dispersing organic residue over exposed soil certainly go far in limiting the effects of runoff and erosion.  
Moreover, it is vital that a holistic approach to streambank erosion and mass-wasting prevention and mitigation 
be taken.  This could include installing vane-arms along highly susceptible streambanks or lining streambanks 
with rip-rap and perhaps outfitting riparian buffer zones along the stream using native vegetation.  It is, 
however, fundamental that citizens and elected official alike are well-informed about the causes and effects of 
streambank erosion and mass-wasting.  Additionally, a quantitative analysis of water quality parameters such as 
nitrate and phosphate levels, dissolved oxygen, and turbidity would prove to be of great significance in further 
understanding the complexity of streambank erosion problems and providing an all-inclusive matrix of 
solutions.  
Not only is soil erosion a vast problem by itself, but eroded soils serve to remind us that perhaps larger 
and more devastating environmental infringements are co-occurring and that accelerated soil erosion is merely a 
product of an inability to properly address such issues.  Soil erosion is rather discriminant in which avenues it 
manifests itself, which is why it is essential that education, environmental conscientiousness, implementation of 
best management practices spearhead the battle against soil erosion.  The future of soil erosion is quite bleak, 
especially in the underdeveloped world.  The threats posed by climate change go far beyond temperature 
fluctuations.  Climate change will alter weather patterns, causing irregularities in “…rates of water erosion…” 
and resulting in “…non-linear…” responses to increased drought and flooding over time (Favis-Mortlock, 
2005).  The world is at a crossroad, and it would be less than moral if nothing serious were done about 
mitigating soil erosion in the future. 
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